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Propositions 
accompanying the thesis 
Dissociative  Chemisorption of Methane on Ni(111) 
 
 
1. The magnitude of coupling between the vibrational coordinates of the gas 
molecule and the reaction coordinate is a major indication of the involvement 
of the vibrational modes in the reaction. 
Chapter 3 of this thesis 
 
2. To evaluate the extent of adiabaticity of the vibrational energy flow from one 
eigenfunction to another, one needs to start from the symmetry properties of 
the Hessian matrix – whereas symmetry is often, unfortunately, absent in most 
of the plane wave DFT codes. 
Chapter 3 of this thesis 
 
3. In multidimensional systems vibrational efficacy is more complicated to 
describe; one must perform a full dynamics simulation using a full 
dimensional PES to obtain an accurate result. 
Chapter 4 of this thesis 
 
4. The six-dimensional calculations suggest a much smaller role of non-adiabatic 
effects on dissociation of N2 on Ru(0001) than previously assumed on the basis of 
a comparison between low-dimensional results and experiment. 
Chapter 5 of this thesis 
 
5. It is interesting to consider the strengths and weaknesses of IR spectroscopy as 
a tool in the study of reaction dynamics.  
J. C. Polanyi, Nobel Lecture, 1986. 
 
6. In summary, the reaction path does not have direct physical meaning. It is an 
artificial chemical instrument, a fiction of chemical thinking, but it is 
extremely valuable in overcoming the dimensionality dilemma. 
D. Heidrich, in “The reaction Path in Chemistry”, Kluwer Academic 
Publishers (1995). 
 
7. Methane’s reaction probability is not simply controlled by the available 
(vibrational) energy but is state-specific and sensitive to C-H stretch 
alignment. 
B. L. Yoder, et al., Science 329, 553 (2010). 
 
8. A major challenge that will have to be met concerns the representation of the 
PES, as a potfit representation in 15 degrees of freedom, is unlikely to be 
effective or even feasible. 
G. J. Kroes et al., in the book "Multidimensional quantum dynamics: MCTDH 
theory and applications" (Chapter 20). 
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9. Noise in scientific data (from theory) is very similar to the noise in music; it 
will really hurt one’s interest in listening. 
 
10. Knowledge in the history of a subject is a good and easy measure for the 
quality of an academician. 
 
11. In developing countries, one has to consider teaching as a noble service to the 
society rather than as a job. 
 
 
 
Krishna Mohan 
Leiden, October 13, 2010. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
